In this paper, we report the effect of grain size and texture on the thermal conductivity of AZ31 alloys during static recrystallization. The ND surface of the extruded sheet had higher thermal conductivity than the cast material with random texture. As the recrystallization progresses after extrusion, the thermal conductivity tends to increase. It is considered that this is a composite cause of the growth of the grain, decrease of the grain size and development of strong basal texture.
Introduction
Magnesium alloy systems are attracting attention as a structural material because of their low density, high speci c strength and stiffness. 1, 2) Among the recent trends in thinning and miniaturization of electronic devices, consumers are demanding smaller and lighter electronic devices. 3, 4) There are many researches on the casting process and plastic deformation such as extrusion, rolling and etc. for internal and external materials, [5] [6] [7] but there is no attempt made to solve the heat generation problem of electronic devices which can result from long term use. In order to solve this heat generation problem, it is a great challenge to increase the thermal conductivity while maintaining a good mechanical properties of the Mg alloy. 8, 9) To ensure the mechanical properties of the Mg alloy, the grain size, the relationship between the matrix, the second phase and the texture after plastic deformation must be controlled. 10) In addition, the static recrystallization which is indispensable after plastic deformation must be considered because the recrystallization after plastic deformation is a process that must be followed to stabilize the internal energy of plastic deformed material.
11) Previous researches on thermal conductivity of Mg alloys have been mainly concerned with the thermal conductivity versus mechanical properties due to precipitation of the second phase in the matrix, 12) but the studies on the post-recrystallization phenomena are scarce. Therefore, the aim of the present study is to investigate the effect of grain size and texture on thermal conductivity during static recrystallization after hot extrusion of AZ31 alloy, which is the most well-known of magnesium alloys.
Experimental Procedure
The alloy billet with a nominal composition of AZ31 alloy were prepared in an electrical resistance furnace under a mixture of SF 6 and CO 2 protective gas atmosphere using high purity commercial Mg, Al, Zn and Mg-5Mn. Molten metal was poured into a preheated ( 373 K) cylindrical steel mold 90 mm in diameter and 160 mm in height. This billet was homogenized at 623 K for 24 hours and followed by water-quenching. The sample was then extruded at 623 K with an extrusion ratio of 20:1 and 10:1. The XRD patterns were acquired from the polished samples. Electron back-scattering diffraction (EBSD) analysis was used for characterization of the microstructures and texture of as-extruded and static recrystallized samples. For the sample preparation for EBSD, the surface of the samples was mechanically ground with SiC paper and then ion-milled. The EBSD data were processed using TSL-OIM analysis software and the data points with a con dence index lower than 0.1 were removed from the EBSD data. The thermal conductivities of the alloys were measured at a temperature ranging from 298 K to 473 K with a NETZSCH model LFA447 Flash Analyzer. The size of the specimen was Φ 12.7 × 2 mm. The thermal conductivity, λ (Wm
), was calculated from the diffusivity and speci c heat using the following equation:
where α is the thermal diffusivity; ρ is the density; and C p is the speci c heat capacity.
Results and Discussions
Figure 1(a) shows the XRD results of as-cast and extruded sheet with an extrusion ration of 10:1 as three direction (normal direction (ND), extrusion direction (ED) and transverse direction (TD)). Since the minimum sample size for thermal conductivity is Φ 12.7 mm × 2 mm, a test sample with a relatively small extrusion ratio was selected to observe the variation of thermal conductivity as a sample direction after extrusion. The as-cast sample had a random texture, and the extruded sheet had a strong anisotropy in basal texture to the ND. This result has been reported by many researchers and is a typical result of Mg alloys. 13, 14) The exact anisotropy of texture must be con rmed the using a pole gure by XRD or EBSD. However, according to report by Lim et al., the volume fraction of intensity by XRD practically coincided with the result of the pole gure. 15) Our results show that the exact intensity ratio between basal and non-basal plane does *1 Graduate Student, Sungkyunkwan University *2 Corresponding author, E-mail: hklim@kitech.re.kr not affect the thermal conductivity, but rather the tendency of the basal plane to exist in the preferred orientation. Figure 1(b) shows the temperature and texture dependency in thermal conductivity of the tested samples. Overall, the higher the measuring temperature, the more the thermal conductivity tends to increase. Because the thermal conductivity depends on the thermal diffusivity and the speci c heat capacity as shown in the eq. (1) in the experimental procedure, so it is obtained because of the increase of these two parameters.
16) The ND sample of the extruded sheet had the highest thermal conductivity. The extruded sheet compared to ascast samples having random texture shows a signi cant difference depending on the measuring direction. In particular, the ND sample with a strong basal texture has a higher thermal conductivity than the non-basal direction. This has been reported that a plastic deformed Mg alloys generally has a strong basal texture and a difference in thermal conductivity as direction of sheet. Mainly, ND specimen with a strong basal texture has the highest thermal conductivity. This remarkable difference in thermal conductivity is due to the crystal orientation and the strong basal ber texture is developed to the ND. 5, 6) Figure 2 (a)-(e) shows the inverse pole gure (IPF) maps and (0002) pole gures of the samples with a static recrystallization time of the extruded sheet. In addition, Fig. 2 (f) shows a variation in thermal conductivity measured at room temperature of the specimen in Fig. 2 (a) -(e). The sample in Fig. 2 is extruded with a high extrusion ratio of 20:1. Since our study is about the effect of grain size and texture on the thermal conductivity, so we selected the sample with a relatively high extrusion ratio. After extrusion, the microstructure was coexisted with locally non-plastic deformed coarse grains and dynamic recrystallized several micrometer sized grains. As the static recrystallization proceeds, the grain size and thermal conductivity tended to in- Fig. 1 (a) XRD results of as-cast and extruded sheet as plane directions, (b) thermal conductivities of (a) samples at various temperatures. crease, and the thermal conductivity converged to 91.2 Wm −1 K −1 at an average grain size of about 19 μm or more. The absolute thermal conductivity is small compared to the sample in Fig. 1 . Because the grain boundaries are one of the factors preventing the free movement of electrons, samples with high extrusion ratios are considered to have low thermal conductivity. Table 1 shows the variation of grain size, the intensity of basal texture and the volume fraction of the misorientation angle during the static recrystallization from the EBSD results. As the grain size increased, the basal texture was strongly developed. According to Smith, grain growth is required the interaction between the topological requirements of space-lling and the geometrical needs of surface tension equilibrium. Thus, the grains with (0002) preferential orientation grow while absorbing a neighboring grains with newly recrystallized random orientation during static recrystallization. 17, 18) Also, grain growth depends on the temperature and is strongly in uenced by the kinetics and the migration of high angle grain boundary (HAGB) that are at least 5 degrees apart from neighboring grain. Mg alloys with strongly basal texture essentially involved a low angle grain boundary (LAGB) with an angle lower than HAGB, grain growth is inevitably going to reduce driving force for grain growth.
11) The completion time of the static recrystallization was assumed to be 24 hours, because the fraction of the HAGB after 24 hours was more than 90%.
From our results, it can be seen that the factors affecting the thermal conductivity during the static recrystallization of AZ31 are complexity of the grain size and the intensity of basal texture. The thermal conductivity in the initial stage of the static recrystallization sharply increased because the grain growth and the intensity of basal texture was greatly increased. In the latter period of static recrystallization, the thermal conductivity is not increased any more since the development of basal texture and the grain growth are smaller than the initial stage of static recrystallization. In other words, the thermal conductivity of the metal is closely related to the mean free path, and these tendency can be suggested that the mean free path is no longer affected on the thermal conductivity above a critical grain size. Although our results show a clear trend for variation in thermal conductivity for two factors, further analysis is needed for a quantitative analysis of the dominant factors.
Conclusion
In this study, we investigated the effect of grain size and texture on the thermal conductivity of AZ31 alloy during static recrystallization. The thermal conductivity of the ND plane with strong basal texture was higher than that of the cast samples with relatively random texture. In the case of extruded sheet, the values of thermal conductivity have difference according to the direction of plane such as ND, ED and TD, and the ND plane was the highest. As the recrystallization progresses, the thermal conductivity tends to increase. It is considered that this is due to the grain growth and development of strong basal texture at the ND plane. 
